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<S (54) Title: BIO-COMPATIBLE POLYMERIC MATERIALS 

(57) Abstract: A bio-compatible polymeric macrial for use in medical applications, for example in an orthopaedic implant, com- 
^ prises a polymer, especially a polymer having phenyl moieties, carbonyl or sulphone moieties, and ether or thioeiher moieties in the 

polymer backbone. Bio-compatible moieties are associated with chain ends of the polymer to enhance the bio-compalibiliiy of the 
O polymer compared to the polymer alone. In preferred embodiments, a polymer having a polymer chain with functional groups at its 
J>» ends may be made into a shape which represents or is a precursor of a device or pan of a device for use in medical applications and 
^ then bio-compatible moieties may be caused to associate with chain ends of the polymer at or near a surface of the polymer. 
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BIO-OOMPATIBLK POtHmilc l«TIia»LS 

This invention r.l.t« to blo-=o^atible pcWic 
materxals .nd p.rticul„ly, although not exclusively 
5 provides . blo-co.p.tible polymeric ^terlal, a method of 
producing such a .aterial and the use of such a .^terlal 
rn medical treatment, (or e«,,5,le in a prosthesis. 

i3 being dlrect«i to the provision ot 
10 .ater.au to meet the growing need tor prosthetic devices 
such as orthopaedic, dental or ,«xlllo£acial in^lants 
For example, nearly half a ndllion patl«,ts receive hone 
rmplants each year in the US with the majority being 

colbalt-chrome alloys. However, these materials are too 
stxff leading to bone resorption, loosening of the in^lant 
and. consequently, have lifetimes of 1,.. tha, i„' 
Additionally, medical devices or prostheses sul as 
pacemakers. vascular grafts. stents. heart valves 
» catheters and dental implants that contact body tissues o^ 
fluids Of living persons or animals have been developed 
and used clinically. 

« described is the susceptibility to foreign body reaction 
»d possible rejection. Conse^ently. It is of gre« 
interest to the medical industry to develop materials from 
Which medical devices can be „.de which are less prone to 

3. '^'"V''*"^"^^"^ that typically accompany 

3. introduction of medical devices into human, or animals 

th. It °' '■^-ss 

the above described problems. 
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According to a first aspect of the invention, there is 
provided a bio-conrpatible polymeric material for use in 
medical applications, wherein said material comprises a 
5 polymer having bio-^compatible moieties associated with 
chain ends thereof. 

In the scientific literature there is inconsistency in 
the use of descriptions such as *bio- compatible" , *bio- 

10 active" and *bio-materials" . In the context of the 
present specification, the term ^bio-compatible" has 
generally been used to refer to a material which is 
compatible with use in medical applications, for exart^sle 
by not being toxic or otherwise harmful to living 

15 materials. It also enconpasses materials which have a 
biological or physiological effect when associated with 
living materials . 

"Bio-conpatible moieties" referred to herein suitably 
20 refer to moieties which are compatible with use in medical 
applications, for example by not being toxic or otherwise 
harmful to living material. Such bio- compatible moieties 
may be arranged to bond (for example to form ionic or 
covalent bonds) or otherwise interact with materials 
25 present in human or animal bodies in order to improve 
their integration and acceptance by such bodies. 

Except where otherwise stated, throughout this 
specification, any alkyl, akenyl or alkynyl moiety 
30 suitably has up to 8, preferably up to 6, more preferably 
up to 4, especially up to 2, carbon atoms and may be of 
straight chain or, where possible, of branched chain 
structure. Generally, methyl and ethyl are preferred 
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alkyl groups and c, -. 

preferred. groups are 

accept where otherwise steted 1„ fk- 
s optional s^atituents of .LT 

halogen atoms, for «c»,i ^""""^ "^^ 

ioai.e atoms. Z """""" '-"^^ 

■cptionally-s>*st±tuted..,l.wi°^, ^"^-"^'X. 

aityl groups are unsubstituted. 

" poller i. Trl:Z°ZV' " 
—iated With Chain en^ theL 

Bio-con,patible moieties suitably include ■ 
arranged to reduce ^. include moaatles 

=0 polymeric r^t^Z T , ''^^'^ 

— iated With? a hum 

wxca; a human or animal body Po^ 

adverse biological reactions associated w^tb int T' ' 

-to a buman or animal body of said Li T 

bio-compatible moieties may L ! "^^^ ^"'"^ ^^^^ 

same poller but wbici Toe '° 

conpatible moieties '"^'"'^^ "^^^-^^ ^^o- 

Preferably, said polymer has phenyl moieties k 
or sulphone moieties; and ether or thioer ' 
the polymer backbo«. thxoether moieties in 



30 the polymer backbone. 

Preferably, said polymer has 



a moiety of formula 
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and/or a moiety of formula 





0-hco-H-04fG 



W 




and/or a moiety of formula 




III 



10 



15 



20 



wherein the phenyl moieties in units I, II, and III are 
independently optionally siabstituted and optionally cross - 
linked; and wherein m,r,s,t,v,w and z independently 
represent zero or a positive integer, E and E* 
independently represent an oxygen or a sulphur atom or a 
direct link, G represents an oxygen or sulphur atom, a 
direct link or a -0-Ph-O- moiety where Ph represents a 
phenyl group and Ar is selected from one of the following 
moieties (i)*, (i)**, (i) to (x) which is bonded via one or 
more of its phenyl moieties to adjacent moieties 
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Unless otherwise stated in this specification, a phenyl 
moiety may have 1,4-. or 1,3-, especially 1,4-, linkages to 
5 moieties to which it is bonded. 

Said polymer may include more than one different type 
of repeat unit of formula I; more than one different type 
of repeat \mit of formula II; and more than one different 
10 type of repeat \m±t of formula III. Preferably, however. 
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tc one mother - Zt U """"'^ """^'^ 

a PS are Cuo, especially Ci... alkvi «v. 
Preferred cycloalJcvl ^ ^ groups. 

circumstances. Preferred xn some 

25 Preferably, said phenyl moieties are n«^ 

substituted as described. optxonally- 

Where said polymer is cross-linked it , 
cross-linked so as to imn.. • suitably 
30 ^eans „.y be use! to eTfeT: T"^^' ^^^^^^^ 
Where H represents a l:^^/::::""^-- 

polymer chains may be !f fLt J .^^^^^'^'^^"^ ^^^-en 
•nay be effected via sulphur atoms on 
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respective chains. Preferably, said polymer is not 
optionally cross -linked as described. 

Where w and/or 2 is/are greater than zero, the 
5 respective phenylene moieties may independently have 1,4- 
or 1,3 -linkages to the other moieties in the repeat units 
of formulae II and/ or III. Preferably, said phenylene 
moieties have 1,4- linkages. 

10 Preferably, the polymeric chain of the polymer does not 

include a -S- moiety. Preferably, G represents a direct 
link. 

Suitably, "a" represents the mole % of units of formula 
15 I in said polymer, suitably wherein each unit I is the 
same; "b" represents the mole % of units of formula II in 
said polymer, suitably wherein each tinit II is the same; 
and "c" represents the mole % of units of formula III in 
said polymer, suitably wherein each unit III is the same. 
20 Preferably, a is in the range 45-100, more preferaJDly in 
the range 45-55, especially in the range 48-52. 
Preferably, the sum of b and c is in the range 0-55, more 
preferably in the range 45-55, especially in the range 48- 
52. Preferably, the ratio of a to the sum of b and c is in 
25 the range 0.9 to 1.1 and, more preferably, is about 1. 
Suitably, the sum of a, b and c is at least 90, preferably 
at least 95, more preferably at least 99, especially about 
100. Preferably, said polymer consists essentially of 
moieties I, II and/or III. 

30 

Said polymer may be a homopolymer having a repeat \mit 
of general formula 
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or a homopolymer having 
formula 



Co40 

a repeat unit of general 



Jv 



or a homopolymer havino a ^ 
formula ^ ^^P^^'' ""^^ °f general 
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or a random or block copolymer of at least two 
different units of IV* and/or V*, wherein A, B, C, and D 
independently represent 0 or 1 and E, E', G, Ar, m, r, s, 
t, V, w and z are as described in any statement herein. 

5- 

Preferably, m is in the range 0-3, more preferably 0-2, 
especially 0-1. Preferably, r is in the range 0-3, more 
preferably 0-2, especiaily 0-1. Preferably t is in the 
range 0-3, more preferably 0-2, especially O-l. 
10 Preferably, s is 0 or 1. Preferably v is 0 or 1. 
Preferably, w is 0 or 1. Preferably z is 0 or 1. 

Preferably, said polymer is a homopolymer having a 
repeat unit of general formula IV, 



15 



Preferably Ar is selected from the following moieties 
(xi)*, (xi)**,{xi) to (xxi): 



(xir 




20 
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(XV) 



O 



(xvi) 




(xvii) O 




(xviii) 






(XX) 




f^i)*. the middle phenvl 
substituted. ^ ""^y be 1,4- 



or 1,3- 
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Preferably, (xv) is selected from a 1,2-, 1,3-, or a 
1,5- moiety; (xvi) is selected from a 1,6-, 2,3-, 2,6- or a 
2,7- moiety; and (xvii) is selected from a 1,2-, 1,4-, 1,5- 
, 1,8- or a 2,6- moiety. 

5 

One preferred class of polymers does not include any 
moieties of formula III, but suitably only includes 
• moieties of formulae I and/or II. Where said polymer is a 
homopolymer or random or block copolymer as described, said 
10 homopolymer or copolymer suitably includes a repeat unit of 
general formula IV. Such a polymer may, in some 
embodiments, not include any repeat \init of general formula 
V. 

15 Suitable moieties Ar are moieties (i)*, (i) , (ii) , 

(iii) and (iv) and, of these, moieties (i)*, (i) and (iv) 

are preferred. Other preferred moieties Ar are moieties 
(xi)*, (xii), (xi) , (xiii) and (xiv) and, of these, 

moieties (xi)*, (xi) and (xiv) are especially preferred. 

20 

An especially preferred class of polymers are polymers 
which consist essentially of phenyl moieties in conjunction 
with ketone and/ or ether moieties. That is, in the 
preferred class, the polymer does not include repeat imits 
25 which include -S-, -SO2- or aromatic groups other than 
phenyl. Preferred polymers of the type described include; 

(a) a polymer consisting essentially of units of 
formula IV wherein Ar represents moiety (iv) , E 
30 and represent oxygen atoms, m represents 0, w 

represents 1, G represents a direct link, s 
represents 0, and A and B represent 1 (i.e. 
polyetheretherketone) . 
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*> a polyu^ consisting essentially ot units of 
fo«na IV Wherein E represents an oxygen eto., 
represent. . airect link, to represents , „„iety 
Of structure ,i,, „ .^presents 0. A represents l, 
B represents 0 (1... polyetherketone) , 



(c) 



(d) 



a poly„«: consisting essentially of units of 
£or„ala IV wherein E r^resents an oxygen ate. to 
represents .noi.ty ,i,., „ represents o, e. 

represents a direct llnv » 

"J-recc link, A represents l, b 

represents o, (i.e. polyetherketoneketone) . 

a Polyn,er consisting essentially of units of 
formula IV Wherein Ar represents ^iety (i, , ^ and 
E represent oxygen atoms, G represents a direct 
ixnk, represents o. w represents 1, r represents 
0, s represents 1 and A and B represent l. (i.e 
polyetherketoneetherketoneketone) . 

a polymer consisting essentially of units of 
formula XV, wherein Ar represents moiety (iv, , h 
and K. represents oxygen atoms, c represents a 
dxrect ixnk, m represents o, w represents o, s. r 

A and B ' 

" represent i 

(a . e -polyetheretherketoneketone) . 

Of the aforesaid, the polymers described in (a) and (b) 
are preferred, with the polymer described in L t 
30 especially preferred. ^^=^"9 

with'th! I'T^^''""'^ - P-ferably associated 

w.th the surface of said bio-co^atible polymeric material 



(e) 
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and, suitably, do not siibstantially penetrate the bulk of 
the material. Preferably, in a bio-compatible polymeric 
material*, moieties at the ends of chains of said polymer 
within the bulk thereof are different compared to bio- 
5 compatible moieties associated with ends of chains of said 
polymer at the surface of the bio-compatible polymeric 
material. Thus, the concentration of bio-compatible 
moieties at a surface of said bio- compatible polymeric 
material is preferably greater than the concentration in 

10 the bulk of said material. Consequently, said bio- 
compatible moieties are suitably associated with chain 
ends of said polymer which are at the surface of the 
polymer. The concentration of chain end groups at the 
surface may be greater than the concentration in the bulk. 

15 Chain ends of said polymer below the surface of the 
polymeric material preferably do not include associated 
bio-compatible moieties. 

Thus, the invention extends to a bio-compatible 
polymeric material for use in medical applications, 
wherein said material comprises a polymer, wherein a 
surface of said material comprises said polymer having 
bio-compatible moieties associated with chain ends thereof 
and wherein the bulk of said material comprises said 
polymer without associated bio-compatible moieties. Thus, 
preferably, the concentration of bio- compatible moieties 
associated with chain ends at the surface of said polymer 
is greater than the concentration associated with ends in 
the bulk". 



Said polymer having bio-conpatible moieties associated 
with chain ends thereof preferably Includes moieties other 
than fluorine atoms associated with its chain ends. 
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Sxnc. said poly^^ living bio- compatible n,cieti,s 
asso=aa«d with end. thereof i, auitably p„s«,t only at a 
=ux£ace Of said blo-con^tihle polyuria ^t.rial and is 

(the ^a^orxty of which win not include associated bio- 
-.patible n„ieties, the existence of said bio-co^atible 
-xet.es n»y have limited effect on the bulk properties of 
sa.d bxo- compatible polymeric material coopered to said 

3 polymer in the absence of o=<^ 

wsence of said associated bio-compatible 

moieties ; ^ ^ 

ae glass transition temperature <T,) of said polymer 
suitably the bulk thereof ((- ,. soiyw»z, 

^. thereof, (in the absence of associated 

bxo-compatible moieties, may be at least 135-c, suitably at 
east iso-c, preferably at least I54«c, more preferably at 
least l.o-c, especially at least l«.c. In some cases, th! 

.250 C or even SOO'^C. 

said polymer, suitably the bulk thereof, (i„ the 
absence of associated bio-compatible moieties, may have an 
inherent viscosity ,iv, of at least o.l, suitably at least 
0.3. preferably at least 0.4, more preferably at least 0 6 
especially at least c, ,„hich corresponds to a «duce; 
viscosxty ,HV, of least 0.8, wherein RV is measured at 
on a solution of the polymer in concentrated sulphuric acid 
Of densrty l.»4gcm-., said solution containing ig of polymer 
per loocm- of solution. iv is measured at 25=0 .TI 
solution Of polymer in concentrated sulphuric acid of 
densxty a B4g=m". said solution containing o.lg of polymer 
per loocm" of solution. PoJ-ymer 



wo 02/00270 



16 



PCT/GBOl/02758 



The measurements of both RV and IV both suitably employ 
a viscometer having a solvent flow, time of approximately 2 
minutes . 

5 The main peak of the melting endotherm (Tm) for said 

polymer, suitably the bulk thereof, (if crystalline) may be 
at least 300^C. 

Preferably, said polymer, suitably the bulk thereof, 
10 (in the absence of associated bio-compatible moieties) has 
.-at— least some- crysta-llinity or -is— e^stallisable. The 
existence and/or extent of crystallinity in a polymer is 
preferably measured by wide angle X-ray diffraction, for 
example as described by Blundell and Osbom (Polymer 24, 
15 953, 1983). Alternatively, crystallinity may be assessed 
by Differential Scanning Calorimetry (DSC) • 

Said polymer, suitably the bulk thereof, (in the 
absence of associated bio- compatible moieties) may have a 
20 number average molecular weight in the range 2000-80000. 
Preferably said molecular weight is at least 14,000. The 
molecular weight may be less than 60,000. 

Said bio-compatible polymeric material may consist 
25 essentially of a single polymer with associated bio- 
compatible moieties. Alternatively, said bio-compatible 
polymeric material may comprise a blend of polymers, 
suitably having different molecular weights. For example 
a blend may comprise a relatively low molecular weight 
30 polymer and a relatively high molecular weight polymer, A 
said low molecular weight polymer will have a greater 
proportion of ends per unit weight and, consequently, may 
be used to increase the concentration of ends in said bio- 



20 



25 



30 
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compatible polymeric material an^ 

increase th. . a^erial and, accordingly, to 

saL t o =°--^-tion Of bio-co„patible moieties of 

said bxo-compatible polymer material. 

S Where a blend co^rises a relatively low molecular 

wexght polymer, the molecular weicht of J- ^ . ">o-iecular 
w^-i^i,^ , weight of said low molecular 

weight p=ly„er ™ay U=s than 14,000. but preferably 
greater than ..000. ^ relatively high ^leJar 1^ ^ 
polymer ^y have a ^lecular weight of at leaat 1. ooo 1 

0 su^tahly less than .0.000. especially less than .o ooo 

said bicccapatible polyuria .»t.rial suitably has a 
tensue strength (according to ISO RS.,,' of at leLr 0 
. preferably at least ,0. especially at least « „.a Z 
' tensile strength may be less than • 

P-erably less than UO^a " I't Ztllylrt 

::e~riirr^r 't-^ - - ^-^ - 

"Odulus .according to ISO Z.T T"' ""^ ' 

« * ^, a o ibo R527) of greater than 2 5 

preferably greater than 3, especially greater than . s 

U s th" r r""^ " 
■Less than 30, preferably less t-h^r. 

less than lo GPa it JrJ I Preferably 
0 GPa. It preferably has a flexural strenath 

(according to ASTM D695) of at n n« strength 

at least iin • "^^^ Preferably 

at least lio, especially at least 115 MPa. The flexural 

strength may be less than 650, preferablv 1 ! 

m ^ P^rererably less than 400 

ISO R178) of at least 3, preferably at least L 
especially at least 4 GPa. The flexural \ \ 
less than 60. suitably less that , " 

^0 especially less than io L"' 

afore^ntioned properties 1 b! ' ■ 

p.rties can be adjusted by. a^ropriate 



wo 02/00270 



18 



PCT/GBOl/02758 



selection of polymers and/or any reinforcement means 
included in said support material to suit particular 
applications. For example, a continuous carbon fibre 
polyetheretherketone may typically have a tensile strength 
5 of about 350 MPa, a tensile modulus of 36 GPa, an 
elongation of 2%, a flexural modulus of 50 GPa and a 
flexural strength of 620 MPa. A polyaryletherketone with 
■ 30% of .high performance fibres typically may have a 
tensile strength of 224 MPa, a tensile modulus of 13 GPa, 
10 a tensile elongation of 2%, a flexural modulus of 20 GPa 
and a— f-lexural- strength of 250 MPa. 

Said bio-compatible polymeric material may include one 
or more fillers for providing desired properties. Said 
15 material preferably incorporates an X-ray contrast medium. 
Fillers and/or said X-ray contrast medium is/are preferably 
distributed substantially uniformly throughout said 
material . . 

20 Where an X-ray contrast medium is provided it suitably 

comprises less than 25wt%, preferably less than 20wt%, more 
preferably less than 15wt%, especially less than 10wt% of 
said bio -compatible material. Where it is provided, at 
least 2wt% may be included. Preferred X-ray contrast 

25 mediums are particulate and preferably are inorganic. They 
preferably have low solubility in body fluids. They 
preferably also have a sufficient density compared to that 
of the polymer to create an image if a compounded mixture 
of the polymer and contrast medium are X-ray imaged. 

30 Barium sulphate and zirconium oxide are examples. Said 
particulate material is suitably physically held in 
position by entrapment within the polymer. 
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includes a ,«jor a«unt p£ said polv«r. especially one 
having ^ie.le. I. xi «,d/or III, described according to 
said first aspect. 

5 

in the context of this specification, a -^jor- amount 
..an greater than SO wt.. suitably greater than ss 
wtt preferably greater th«, so wt%, „re preferably 
9reater than especially greater th«. .8 «% of the 

» TT ^•^""^ '° "-e total 

-weight of relevant- material present. 

Where said bio-co^patible poly„„ric ™teri.l comprises 
a blend, said blend preferably includes at leaat two 
polyners of a type according to said first aspect. Por 
-a^le, said at least two poly^rs preferably Include 
-.ties X, XX and/or XXI as described above. . said 

hilar ' -"^^ 

highest, nu^er average .^lecular weight poly«r. Said 
bio-=o„patible polymeric ^terial preferably includes a 
ma^or a«unt of a higher ,K,:.cular weight polymer. 

A said bio-co»patible .oiety may be selected from an 
•nticoagulant agent such as heparin and heparin sulfate 
an antithrombotic agent a r-im-n. ' 
,„.„^ ■ slotting agent, a platelet 

agent, an anti-i„f lam,„atory agent, an antibody, an- 
antigen, an immunoglobulin, a defence agent, an enzyme, a 

a Zd ' ° "^".r, a cytokine, 

a blood agent, a regulatory agent, a transport agent, 
fibrous agent, a protein such as avidin, a glycoprotein a 

"-3 a cell attachment protein, a peptide such as a 

glyoopeptide, a structural n.nnj= 

luctural peptide, a membrane peptide and 
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a cell attachment peptide, a proteoglycan, a toxin, an 
antibiotic agent, an antibacterial agent, an antimicrobial 
agent such as pencillin, ticarcillin, carbenicillin, 
ampicillin, oxacillian, cefazolin, bacitracin, 

5 cephalosporin, cephalothin, cefuroxime, cefoxitin, 
norfloxacin, perfloxacin and sulfadiazine, hyaluronic 
acid, a polysaccharide, a carbohydrate, a fatty acid, a 
catalyst, a drug, biotin, a vitamin, a DNA segment, a RNA 
segment, a nucleic acid, a nucleotide, a polynucleotide, a 

10 nucleoside, a lectin, a ligand and a dye (which acts as a 
biological ligand) , a radioisotope, a chelated 
radioisotope, a chelated metal, a metal salt, a sulphonic 
acid or salt thereof, a steroid, a non-steriod, a non- 
steroidal ant i- inflammatory, an analgesic, an anti- 

15 histamine, a receptor binding agent, a chemotherapeutic 
agent, a hydrophilic polymer, (e.g. poly (ethylene glycol) 
(PEG), poly (ethylene oxide) (PEO) , ethylene oxide- 
propylene oxide block co-polymers, poly (N- vinyl -2- 
pyrrolidone) (PNVP) , poly (2-hydroxyethyl methacrylate) 

20 (pHEMA) , • HEMA co-polymers, poly (vinyl alcohol) (PVA) , 
polyacryl amide, its derivatives, poly (methyl methacrylate) 
(PMMA) , suitably having a PEG chain on each of the side 
groups, polysiloxanes (e.g. polydimethylsiloxanes (PDMS))/ 
ionic water-soluble polymers like poly (acrylic acid) 

25 (PAAc) ) and a polyurethane . Examples of some of the 
aforesaid are provided in US5958430, US5925552, US5278063 
■ and US533 0911 and the contents of the aforementioned 
specifications are incorporated herein by reference. 

30 In one embodiment, said bio-compatible moieties may 

comprise bone morphogenic protein (BMP) as described in 
US4563489 and patents cited therein and the contents of 
the aforesaid are incorporated herein. Said BMP may be 
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provided in combinatirm 

omomation, for example in admixture 

physiologically acc,»r,h=KT • amixcure, with a 

Thus, in this Ls? 1 ^ '° ^-^P- 

sa.. ....... po:zrp.:::~r""'- 

polylactic acid; or alter..^ • V t'^odegradable 

"'UcturaUy e,uiv,l«t to pclyUctic ^ "° 
'he aez..e^ .0^"^ '"^"""''" 

P=.ly(hydro:=y organic c.rbo:cyU= add,, " 
aliphatic carboxylic add.^ 
15 polyglactin oo, , ' P°lraly=°"i= acid, 

rel.=t.n, polyglactic acid and poly adonic acids. 

In another embodiment Qa-in w 
■nay be selected fro. ^xo- compatible moieties 

execcea from inorganic crvstalUno ^ 
inorganic amorphous structures ^""''"^^ structures. 
20 structures and organic .7 1 crystalline 
ana organic amorphous structures. Preferr-^H 
b.o-compatible .oieties are phosphorous based 
for example calcium-phosphorous citi es ph I 
general are suitable >, ^ , ^^^^raics. Phosphates in 

suitable but calcium phosphates anrS .,=.1 • 
apatite are preferred r. calcium 

: -™ p~ is 
Mo-co^tihi. ^iaur Ta ii:: ^ 

» =oval«tly bonded to ends of rj """^ "'^ 

the poly„er said -.^ ««Pa=t.ve repeat units of 

f jymer. said linjclno moietle. n,„, ^ 
bonded to said bio-oo^tiMe ^i.ti,. 

associated with said Jiatie. ^' 
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A said linking moiety may be associated with a single 
bio-compatible moiety or, alternatively, a said linking 
moiety may be associated with more than one bio-compatible 
5 moiety- Thus, said linking moiety may be mono- functional 
or multi-functional, for association with one or more bio- 
compatible moieties. Multi-functional linking moieties 
may be able advantageously to be associated with more bio- 
compatible moieties and may, therefore, provide a means to 
10 increase the concentration of bio- compatible moieties 
associated with said bio-compatible material. 

Whilst said bio-compatible moieties may be associated 
with said chain ends of the polymer by any suitable means, 

15 for example covalent bond(s), hydrogen bond(s), 
encapsulation in a matrix which is bonded to or otherwise 
interacts with said end groups, or ionic interaction (s) , 
it is preferred that there are covalent bonds between the 
bio- compatible moieties and said chain ends or there are 

20 . ionic interactions between said bio- compatible moieties 
and said ends . 

Preferably, said bio- compatible moieties are 
.associated with end groups of the polymer. The term ''end 
25 group" suitably refers to moieties at the end of polymer 
chains. Thus, said bio-compatible pplymeric material may 
be represented by the formula 

PC-EG».BM' 

30 

where PC represents a polymer chain which suitably 
comprises repeat units and may, for example, include 
moieties I, II, III, IV, V, IV*, V* as described above; 
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EG. r^rea«,e3 an «a-,roup, a.d B«. represents a Mo- 
coni)atible moiety. 

BG. ™ay represent said aforementioned linking .oiety. 

In some cases, EG^ and- EG- .BM- may be the sam. . 
example where an end group is itself h 
-SOH pnri „ bio-compatible. a 

SO3H end group may fall into this category Prefer.hi 
however, EG' and EP. nw. Preferably, 
, G and EG .BM. represent different moieties. 

- The bond between PC- and EG' is Dref^,-,M. 
- interactil. "^"^ °' ' 'on. or an ionic 



is .""Tf" '° ' ^^^'^^ °^ i-^'ion. there 

IS provided a method of tiakin, • k- 

"."rial for use in IT T P°i!™-rio 

^. mcudin. the ::; : it^: ;^"-"ons. th. ^thoa 

. causing bio-corapatible moieties to 

beoom. associated with ends, pref.ra.1, „ith end ^rlups 

Of a polymer. 3ro:ups, 

wmI :ra~f --~ie poWic .terial 

-t. o. the ^"er^'"s UahT"":""^"" 
P-c,d in a poi^risation reatt T J^Te 
" ^"P»«^ »d th«>, optionally, he tunotionaliseHo 
.0 enable association with bio-con^atible .oieties in ! 

r"::r ■ ---- ^ r 

3«ups Of the polymer at a surface of a solid material 
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made from the polymer is much greater than would be 
expected from a consideration of the molecular weight of 
the polymer and, accordingly, the concentration of bio- 
compatible moieties at the surface may be correspondingly- 
5 greater . 

The method preferably includes the step of treating 

• said polymer with a material for providing bio-compatible 
moieties (hereinafter '^BCM material") arranged to provide 

10 bio-compatible moieties for association with said chain 

• ends, for examplre end groups-. Said BCM material may be 
arranged to provide any of the bio- compatible moieties 
described herein. Said polymer may be provided as a 
solid. Suitably, said bio-compatible moieties are caused 

15 to become associated with a surface of said solid, 
preferably with end groups present at a surface of said 
solid. Said solid is preferably shaped so as to represent 
at least a part of a device for use in medical 
applications. For example, said device may be a component 

20 of an implant for a hiiman or animal body, for example an 
orthopaedic or dental implant or vascular graft. .Said 
solid may be provided in a desired shape by any suitable 
means, for example by injection or compression moulding or 
by film formation techniques or extrusion. Thus, 

25 preferably, after association with said bio-compatible 
moieties, the bio-compatible polymeric material is not 
engineered or otherwise treated in a manner which may 
result in sxobstantial depletion of the bio -compatible 
moieties associated with its surface. 

30 

Association of bio-compatible moieties with said chain 
ends may be effected in any suitable way which will depend 
on the nature of the BCM material and/or the identity of 
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Chain ends of the polymer t„ 

n>ethod may include causino / S'nbodin.ents, the 

the polymer and s.l7,7! ^^^^^^ ^"ween 

-io-compati.ie moieties may he eCter;'^ 
for example .y ionic interaLioL ' 

Where EG- and EG- BM' 
general formula ^^eatmg a polymer of 



PC-EG 

wherein Pc 



15 



and EG 



wnerem pc represents a «oi 

represents an end am ^ ^ 

end group thereof with = ^ . 
arranged to supply a bio • naterial (BM) 

- p^auce 3.:: Lo:rrMr" r"°^ 



20 PC-EG' .BM' 



30 



wherein EG' bM' rec 
end group and the hl.''^^^"''^ association between the 

for «,™ple wh„e there i/ "'^ 

'^tw-en EO. ,M ^, """^ '°n»tic 

«MI>atible mterlal BH P-^^^Ws a residue of bio- 

provided on BM. Por exan^n ^^^^able functional groups 

-«ed .r. r-r.i::' r~ 

^OH, -CHO, -MplO_ 
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preferably -NH2 or -NHR^°, -SH, -CONH2. -CONHR", -COOH, 
-COCl or -COOR^° group, a halogen atom, especially a 
fluorine, chlorine, bromine or iodine atom, -NO2, -SO3M, 
-S02R^^, -S02NHR^°, -S02NR^°2 or -COOM groups, an anhydride, 
5 an epoxide, a cyanate, -CN, an isocyanate, a carbon-carbon 
double bond, for example a group -CR"=C3^^°2 or a (Co-Cioalk) 
acrylate (wherein '"alk" refers to an alkyl group) such as 
-C00C(CH3)CH2 and -COOCHCH2, a carbon-carbon triple bond, 
for example a group -CR^*^ or an azide, wherein R^® 
10 represents a hydrogen atom or an optionally substituted 
alkyl group, wherein M represents a hydrogen atom or an 
alkali metal and r" represents a halogen, especially a 
chlorine, atom. 

15 BM may include cuiy suiteible functional group that is 

arranged to become associated with functional groups 
included in EG and may be selected from any of the 
ftxnctional groups referred to above for EG provided that a 
selected functional group provided by EG is capable of 

20 becoming associated with, suitably reacting, with a 
selected functional group provided by BM. 

In some cases BM may be provided by reaction of EG 
with more than one functional group. For example a BM' 

25 may represent a polyure thane which may be prepared when EG 
provides a hydroxy group and BM provides a diisocyanate 
and a diol; or wherein EG provides an isocyanate group and. 
BM provides a diisocyanate and a diol« In both cases, two 
different compounds BM may be used, (see Example 12 

30 hereinafter) . 



In some cases, BM may be provided by a monomer or 
monomers having a functional group arranged to react with 



wo 02/00270 



27 



PCT/GBOl/02758 



EG and being arranged to polyn»rl« to provide a polj^rlc 
moiatyBM. (see Exanple 11 hereinafter) . ^ >^ " 

in one embodiment, EO ™ay be ionic in character, for 

7ZIV\ '"^ °' -d such a group be 

arranged to xonrcally associate with an ionic moiety 
provided by BH (see Example 9) . 

in other embodiment., an amide bond may be formed 
0 between EG and BM (see Examples 8 and 13) . 

ther!b ^^y^ ™Uti-functtonal. 

thereby enabling it to associate with a plurality of bio- 
compatible moieties. Eor example, multi-functionality »y 
be provided by dendritic or hyperbranched end groups. 

Preparation of aaid polymer of general formula PC-EG 
may include the step of mak-in« = 

formula . ^ ' ^^^-^ 



PC-FG 



■ Where FG represents a functional group at the end of 
the poller chain PO. xn some cases, ^ may represent EG 

caused to be associated with said bio-co.^tible moieties 
« the method may not need to be functionalised after 
polymer formation. However, where FG and EG are 
^".rant, „id pol^r of formula PC-EG may be 
derivatised to provide the poller which is caused to be 
associated with bio- compatible moieties in the method 
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Where said end group EG is multi-functional and FG and 
EG are the same, an end- capper which includes EG may be 
contacted with monomers used in the preparation of said 
polymer. Example 5b hereinafter is of this type. Where, 
5 however, said end group EG is multi-fvinctional but FG and 
EG are not the same, said polymer of formula PC-FG may be 
derivatised with a multi-functional material. For 
example, said multi-functional material may include a 
first functional group capable of reacting with said group 

10 FG to form a covalent bond and, additionally, includes at 
least two, preferably- at— least three; other functional 
groups, suitably different to said first functional group, 
wherein said other functional groups, after optional 
derivatisation, may be caused to associate with bio- 

15 con5>atible moieties. Examplfs 13 hereinafter is of this 
type . 

'Said moiety FG may include or consist of any of the 
fxinctional groups described above which enable EG to 

20 become associated with functional groups provided by BM. 
Preferably, FG includes or consists of a group selected 
from -OH, -NR^zi -N^CR^^^a, -OR", a halogen, especially a 
fluorine or chlorine atom, -NO2, -CN and -SOaM^ wherein 
represents a hydrogen atom or an optionally- siibst i tut ed 

25 alkyl group and M represents an alkali metal arid, of the 
aforesaid, fluorine atoms -NH2, -COOM, -OR" (e.g. -OMe) , 
-NO2 and -SOaM^ are especially preferred. 

FG groups are suitably such that they can survive the 
30 polymerisation reaction wherein PC-FG is made and/or 
subsequent processing. 
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Where FG and EG represent ^>,« 

processing ^l,,,.^^ "- -"^/or fu«,„ 

= -npXes, Of ' ^"^"^^ 

s^uups tx3 that may survive. ^>,-^ « -i 
reaction and/or further nm. • Polymerisation 

PC-EG and such treatment .uUabll '° 
treatment of said solid I"" > 
, functionaUee therehx to ^^T""" "'^ "'^^ " 

surface, herein EG are of a tvL ^ ^"^^ " ""^ 
- 3-i.e the Poi^erisation T 
i=3eoticn mouldin,, to / ^""^ 
«5 and EG ™v K. ... . '"^ (Of course 

treatn^nt of the t^e dTsLld'^T' ^^'^ - 

treated thereby to enahl. ""'^ "e 

associated therLL ^ -^"ies to he 

- "o-co^.tih.::o^.:r:trr: — - 

In a first type of method, said no-, 
formula pc-pg „ay be prepared k "^'^ °' ^^"^^^ 

-Wtionai „ono.er wftr^Vf' "^^^^ a 
includes a group of formula -pg "^^^"^^ 

In a second type of method, said n.i 
PC-PG may be prepared . ^ ^^"^ °^ ^°"«"la 

d,-f^= prepared by polycondensing first 

different difunctional monomers, wherein th 
at least two reactive groups each T . 

9 oups each and wherein at least two 
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of the at least four reactive groups provided by the two 
monomers include a reactive group of formula -FG. 
Preferably, one of the monomers includes two FG groups. 
Preferably, in order to produce a polymer of formula PC-FG 
5 there is a slight molar excess of groups of formula -FG 
over the other groups involved in the polycondensation. 

In a third type of method, said polymer of formula PC- 
FG may be prepared by polycondensing difxmctional monomers 

10 in the presence of a monomer which includes only a single 
■ reactive group — which is -able - to participate in the 
polycondensation, but, additionally, incorporates a group 
of formula --FG (which in this case is suitably of a type 
which cannot polycondense with the other monomers) . For 

15 example, one embodiment of the third type of method may 
use a first difunctional monomer having two reactive 
groups of the same identity; a second difunctional monomer 
having two reactive groups of the same identity but which 
are different to those- of said first difunctional 

20 monomers; and a third monomer having one reactive group 
which is able to polycondense with said first or second 
monomers, for example by virtue of it having one reactive 
group which is the same as a reactive group of the first 
or second monomers and a second group which is of formula 

25 -FG (which is suitably of a type which cannot polycondense 
with the other monomers) . In the third method, the third 
monomer acts as a chain terminator thereby leading to FG 
groups at the end of polymer chains. 

30 More specifically, polymers of general formula PC-PG 

described herein may be prepared by: 

(a) polycondensing a compound of general formula 
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VI 



with itself wherein 



represents a halogen atom or 



a 



aroup -EH and ^ represents a hal«a„ 

represents a ^ repre^I^t^" " 

represents a group E'H; or 



(b) 



10 



P=ly=cndensi„3 a cc^^^ ^^^^ 



VI 



with a compound of formula 




x'-ffOj-co^d 




w 



.Oifco/O 




15 



VII 



and/or with a compound of formula 




^4fo 



SO; 



VIII 
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wherein Y* represents a halogen atom or a group -EH (or 
-E'H if appropriate) and represents the other one of a 
halogen atom or group -EH (or -E'H if appropriate) and 
represents a halogen atom or a group -E'H and represents 
5 the other one of a halogen atom or a group -E'H (or -EH if 
appropriate) . 

(c) optionally copolymer i zing a product of a process as 
described in paragraph (a) with a product of a process as 
10 described in paragraph (b) ; 

wherein the phenyl moieties of units VI, VII and/or 
VIII are optionally substituted; and Ar, *m, w, r, s, z, t, 
V, G, E and E' are as described above except that E and E» 
15 do not represent a direct link; 

In. some situations, repeat units of - the polymer 
prepared, more particularly phenyl groups thereof, may be 
optionally sxibstituted with the groups hereinabove 
20 described after polymer formation. Preferably, however, 
the repeats units are not functionalised; 

Preferably, where Y^, Y^, and/ or X^ represent a 

halogen, especially a fluorine, atom, an activating group, 
25 especially . a carbonyl or sulphone group, being arranged 
ortho- or para- to the halogen atom. 

Preferred halogen atoms are fluorine and chlorine 
atoms, with fluorine atoms being especially preferred. 
30 Preferably, halogen atoms are arranged meta- or para- to 
activating grovtps, especially carbonyl groups. 



wo 02/00270 



33 



PCT/GBOl/02758 



"here the process described in paragraph is carried 
ou. pre.erah.. c„e and represents a nji™ 

2 ^s rjeTT " "-^ — ^ 

3 .epresenes Z^L^ZT''' ^= 
described ■ **'^"9«ously, the process 

described rn paragraph la) be used when to represents . 
-ety Of structure ,i, and . represent, i. ^ ' ' 

Mien a process described in Dara=r=„i, ,v. . 
" out. preferably, Y' and Y" each ^^"^^ " 
Preferably, and e.^ 

-ably the sa.:i4enr.~ ' "^-^ 

coi^unds Of general formula vi, vil and wit 

IS co-ercially available (eg from sian» ■ T 

Aldrich Chemical Co, a„d/or T <=° 

^ ^ ■ and/or may be prepared by stand«^ 

followed by appropriate derivatisation of functional 
tte preparations ot some of 
- .escribed herein are described in . 7 ^^JT^Z 
Jensen and s . Havens, Polymer 35^ U^' „ » 

Kricheldorf and n Dellu, » , ~ ' " * 

P A Staniland, Bui ^ T ^ 

/IQPQ^ ' ^^-^a-/ 98 (9-10), 667 

(1589). other raw materials descrih^n • 

- available fro. Mdrich as d scleT h 

described i„ Examnl. . Hydroxytriphenyllmlae 

oiy. SCI. Part a Poly, chem, 33, 779(1995). 

Where the process described in paragraph (h) 
30 out, suitably, n^*,. ^ J "^""^^^ =«"^ied 

J'' a represents the mole* of „ 

used ■{« mde* of compound VI 

usea in the process; »h*n 

cos, represents the mole * 

confound VII used in the process, and ■=.. renr^ . ! 
-le . Of co^ound VIII used in the process. 
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Preferably, a* is in the range -45-55, especially in the 
range 48-52. Preferably, the sum of b* and c* is in the 
range 45-55, especially in the range 48-52. Preferably, 
5 the sum of a*, b* and c* is 100. 

Where the process described in paragraph (b) is carried 
out, preferably, one of either the total mole % of halogen 
atoms or groups -EH/-E»H in compounds VI, VII and VIII is 

10 greater, for example by up to 10%, especially up to 5%, 
than the total mole % of the other one of either the total 
mole % of halogen atoms or groups -EH/-E'H in compounds VI, 
VII and VIII. Where the mole % of halogen atoms is greater, 
the polymer may have halogen end groups whereas when the 

15 mole % of groups -EH/-E'H is greater the polymer will have 
-EH/-E»H end groups. 

The molecular weight of the polymer can also be 
controlled by using an excess of halogen or hydroxy 
20 reactants. The excess may typically be in the range 0.1 to 
5.0 mole %. The polymerisation reaction may be terminated 
by addition of one or more monofunctional reactants as end- 
cappers and such end- cappers may include said group FG. 

25 The aforementioned processes for preparing the 

polymers are generally nucelophilic processes. 
Nonetheless, electrophilic processes can be used, by 
analogy to the processes described in US 5081215, 
US4808693, US4708448 and US5081215. 

30 

According to a third aspect of the present invention, 
there is provided a device for use in medical 
applications, wherein said device comprises a bio- 
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co^«lMe po:„e.ic ^terial a^crding to sal. Urst 



5 Said device is Dref*»T-aKi,, 

exan,m» preferably a prosthetic device, for 

example an implant such as an 

-axillofacila implant or a dental or 

implant or a component thereof; or a device 
for exan^ie a catheter, which is arranged t^ . 
temporarily associated with a hun«n ^^^^^^ ^o be 

10 device is preferablv '""^ ^ "^""^^ ^^"^1 body. said 
Preferably a prosthetic device as descrih^rt ^ 
orthopaedic device may be- an imp.ant for a bo^I nt .o 
example a hip or ^ee ,oint or spine fusion device ' 

A said device may include a -r,^^*. 
15 said h,-« ^nc-Lude a part or parts made out of 

said bxo-compatxble polymeric material and a part or 7 
-de out Of other materials. Suitably, h^w^ve: 
dev.ce includes at least S0wt%, Preferably at TrsT'sswt 
more preferably at least eow^* *' 
of said H- ' ^^P^=i^lly at least 95wt* 

of said bzo-compatible polymeric material 
20 eiribodiments said device. • m some 

saxa device may consist essential of said hH« 
compatible polymeric material.. 

According to a fourth aspect ther. • 
tnethod of makino a H« • " Provided a 

which represents or is a nr.. ^ ^^^^ 

th. surfac. of said po W) . " " 
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The invention extends to the use of a polymer having 
bio-compatible moieties associated with chain ends thereof 
in the manufacture of a device for use in a medical 
treatment, for example in surgery. 

5 

Any feature of any aspect of any invention or 
embodiment described herein may be combined with any 
■ feature of any aspect of any other invention or embodiment 
described herein. 

10 

Specific embodiments— of the invention -will now be 

described, by way of example. 

All chemicals referred to herein were used as received 
15 from Sigma-Aldrich Chemical Company, Dorset, U.K., unless 
otherwise stated. 

Example i - Fluorine -terminated polyetheretherketone . 

20 A 250ml, 3 -necked, round -bottomed flask fitted with a 

stirrer/stirrer guide, nitrogen inlet and outlet and a 
thermocouple was charged with 4,4' -dif luorobenzophenone 
(22.26g, 0.102 mole), hydroquinone (ll.Olg, 0.10 mole) and 
diphenysulphone (60. Og) and purged with nitrogen for- over 

25 1 hour. The contents were then heated under a* nitrogen 
blanket to between 140 and 150°C to form an almost 
colourless solution. While maintaining a nitrogen 
blanket, dried sodium carbonate (lO.SOg, 0.10 mole) and 
potassium carbonate (0.28g, 0.002 mole) was added. The 

30 temperature was raised to 175°C, held for 60 min; heated 
to 200 °C, held for 30mins; heated to 250''C, held for 30 
mins; heated to 300°C and held for 120 mins; 
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The reaction mixture was allowed to cool mill.H . 
washed with acetone and water The r i! 
dri^H . resulting polymer was 

dried m an air oven at lonOr. mu 

"° ^- polymer had Inherent 

Viscosity UV) Of 0.7X. XV is measured at 2S^c on 
s solution Of polymer in concentrated sulphuric acid o 
density x a4gcm3, said solution containing o.lg of poiyme 
per loocm3 of solution. . Melt Viscosity (mV) of 0.15^^-^ 
~ at .oooc on a ram ext^der at a shear ratTof 
10 142 C and Tm = 342°C. 

SaSEie^ - Di^odl™ ..u Of 4.hydroxyten.clc acid 
4-Hyd„^,en.oic acid <30.3.9, 0.2, ^i, ^3 ^ 

sod™ oa.bon.te o.440 „ol, dissolved t 

ae.o„.sed „,t„ „so„i, and .eated at SO'C .or . hoi ^ 

solution was cooled to r-oo™ i- 

.ate^iai „a3 ™ ; a r^or 't.'" """"" 
=0 ^...«ed and .aid: .a'^ Jl^^^^Z 

under vacuum at 60°C overnight. 

25 

An injection moulded snecimen ^.f 

«,«r,^ magnetic follower, reflux 

condenser and a nitrogen inlet and outlet and . / 
0 the disodium salt a ^ . containing 

2(1 82g 0 01 , . ^-^^'^--ybenzoic acid of Example 
(1.82g, 0.01 mol, and N-methylpyrrolidone (50ml) The 
contents were Rt--fr.^-=.^ ^ \^v;mx; . The 

150»c for T " ""-Phere of nitrogen at 

12hrB. The apeci.en was removed, washed with 



wo 02/00270 



38 



PCT/GBOl/02758 



deionised water, placed in a 100ml roimd-bottomed flask 
containing a magnetic follower and a IM solution of 
hydrogen chloride in acetic acid (50ml) and stirred for 6 
hours at room temperatxire. 

5 

Example 4 - Reaction of Carboxylic acid surface 
modified polyetheretherketone with the peptide GRGDS 

The surface modified polyetheretherketone of Exait5)le 3 
10 was stirred at 10°C for 1 hr under an atmosphere of 
nitrogen in an aqueous solution of the water sellable 
carbodiimide, l-ethyl-3-« (3~dimethylaminopropyl) - 

carbodiimide) (0.4g) dissolved in buffer at pH 4.5 (O.IM 
2- (N-morpholino) ethanesulphonic acid) {40ml) . The sample of 
15 polyetheretherketone was removed and. washed with buffer 
solution. 

The sample was stirred at 20°C for 24 hr iinder an 
atmosphere of nitrogen in a solution of the peptide 
20 GRGDS (80mg) in phosphate-buf f ered saline solution 
(40ml) (Na2HP04, 1.15g; KH2PO4, 0.2g; NaCl . 8g; KCl, 0.2g; 
MgCl2, O.lg; CaCl2. O.lg in 1 Litre, of distilled water). 
The functional ised polyetherethereketone was washed 
successively with phosphate buffer and distilled water. 

25 

Example 5a - Hydroxy- terminated polyetheretherketone. 

A 250ml, 3-necked, round-bottomed flask fitted with a 
stirrer/stirrer guide, nitrogen inlet and outlet and a 
30 thermocouple was charged with 4,4' -difluorobenzophenone 
(21.82g, 0.10 mole), hydroquinone (11.23g, 0.102 mole) and 
diphenysulphone (60.0g) and purged with nitrogen for over 
1 hour. The contents were then .heated under a nitrogen 
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blanket to between UO „d iso'c to for™ 
colourless solution m,-, '° '^-^ « almost 

blanket, dried soZ. T ^""'""'^ ^ ""-gen 

Potessiun. ca^CTo " »^ 
aroonate (0.28g, 0.002 mole) was arfri*^ 

S temperature was raised to 175^0 held . ' 

to 200 °C, held for- ,n ■ '° ^^^^^^ 

' ^-^"^ 30nu.ns;. heated to 250°C h«i^ ^ 

-ns; heated to 300^0 and held for 120 J„s 

The reaction mixture was allowed to •> • 
10 washed with acetone and water Z ' "'''^^ 

in an air oven at T20OC ^e ^T'"""' "'"^^ 
0.79, and a Melt • ^ ^^"^ of 

and ^ .- a,;"^'' ^"^^ °^ 0-^^sm-^ xg = ...o, 

" The hydroxy-terminated polymer wa« • . • 

into a specimen .cm x icm x LII 

Example 

polyetherethereketone. . " ^i^-^thoxy- terminated 

20 

A 250ml, 3 -necked, round-bottomed flask fl^. ^ • 
stirrer/stirrer guide, nitrogen inl!t h " ' 

thermocouple was charged wi^I ^ 
^^^•a2g, 0.10 mole), hydro^inone ^ 
3,5-dimethoxy-phenol (o TosT ' 

diphenysulphone (60 Oa) . . 0.002mole) and 

^bo.og) and purqed wi r,,'4- 
1 hour. The content« nitrogen for over 

contents were then hpaf-o^g 

blanket to between i«o > . "^'^ ' nitrogen 

"ecween no, and I50°c to f„™ 

colourless solution. m,il. ■ 
" banket, dried sodiu. oar^a L ZZTl ' 

Pctassiu™ carbonate ,o..,„ o.oo.' ^fwarLr" T 
.e^erature was raised to ^s-c. .eld .or Vo ^'beat:: 
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to 200 held for SOmins; heated to 250°C, held for 30 
mins; heated to 300°C and held for- 120 niins. 

The reaction mixture was allowed to cool, milled and 
5 washed with acetone and water. The resulting polymer was 
dried in an air oven at 120°C. The polymer had an IV of 
0.75. 

The dimethoxy- terminated polymer was injection moulded 
10 into a specimen 4cm x 1cm x 0.4cm. 

Example 5 c . - Dihydroxy- terminated 

polyetheretherketone . 

15 The moulded sample from Example 5b was placed in a 

700ml flanged flask fitted with a reflux condenser, a 
magnet follower and a nitrogen inlet and outlet and 
charged with glacial acetic acid (300ml) and 48% HBr 
(180ml) . Under a nitrogen atmosphere and with continuous 

20 stirring the mixture was heated to reflxax for 15 hrs. The 
reaction mixture was allowed to cool to room temperature 
and the PEEK sample was washed with ether (4 x 150ml) . 

Example 6 - Amino -terminated polyetherketone . 

25 

A 250ml, 3 -necked, round-bottomed flask fitted with a 
stirrer/stirrer guide, nitrogen inlet and outlet and a 
thermocouple was charged with 4,4' -difluorobenzophenone 
(22.04g, 0.101 mole), 4,4' -dihydroxbenzophenone (21. 4g, 
0.10 mole) hydroxytriphenylimine(0,572g, 0.002 mole) and 
diphenysulphone (60.0g) and purged with nitrogen for over 
1 hour. The contents were then heated under a nitrogen 
blanket to between 140 and 150*^C to form an almost 
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colourless solution. whil. 

-^an.et, ...e. sodiu. 03^0^ , ^ZT^' ' 

Potassiun, carbonate (0 28o n n ^''^ "^'^^ 

i-^rr. «0-28g, 0.002 mole) was ^.^^^^ 

temperature was raised to 175'C . 

^ to 200 °c, held for 30mins >, '° ^^^^^^ 

■tor 30mins; heated to 2«;n^r u , 

..«ed to 300-c ana ..la ,,0 J:;.'' " 

The reaction rniY^ii--^ 

" - an oven a. ".; la"'""-^ ^""^ 

- 1420C and Tn.-= 3390^ ^ Polymer had a Tg = 

Example 

Polyetheretherketone . ^"^P^°»ate- terminated 

15 • 

'22.04g, 0.101 mole) hvd, • *'""°«>l>enzophenone 
- hxaro^benzane aodll: ''1^""°"" - 

1 Hour. ^e contents vet 
nitrogen blanket to b.hw "'^"'^ ' 

-^at colourleaa alu r^^^ '"^ " « 

" ariaa aoai™ oarbonate ioT'""°' ' 

Potaa,l„„ carbonate (o.^sg. 0 o„. " 1 , 
te.nper.ture to ,s..c ".^ 

. 300. zzrzv::r' - 
- « air oven at .o.. z xrrr;:: 
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0.81. Thereafter, the polymer was injection moulded into 
a specimen 4cm x 1cm x 0.4cm. 

Example 7b - Sulphonic acid- terminated 

5 polyetheretherketone . 

The specimen of Example 7a was placed in a 700ml 
• flanged flask fitted with a refliix condenser, a magnetic 
follower and a nitrogen inlet and outlet and charged with 
10 O.IM hydrochloric acid (500ml). Under a nitrogen 
atmosphere and with continuous stirring the contents were 
heated to 50°C for 6 hrs. The reaction mixture was allowed 
to cool to room temperature, the sample was removed, 
washed with deionised water until the pH was neutral and 
15 dried. 

Example 7c - Sulphonyl chloride- terminated 
polyetheretherketone . 

20 The plaque of Example 7b was placed in a 700ml flanged 

flask fitted with a reflux condenser, a magnetic follower 
and a nitrogen inlet and outlet and charged with thionyl 
chloride (250ml), dichloromethane (250ml) and 

dimethylf ormamide (3 0ml) . Under a nitrogen atmosphere and 

25 . with continuous stirring the mixture was heated to \mder 
reflux for 15 hrs.. The reaction mixture was allowed to 
cool to room temperature, the plaque was removed and 
washed with ether and dried in vacuo. 

30 Example 8 - Reaction of Amino- surf ace modified 

polyetherketone with the peptide GRGDS 
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An injection moulded specimen nf . 
- 1- X o.4cm, was placT ^ " °' "^'"^'^ 
^las. fitted With a magnetic LlWr 1^ 

outlet and containing ^ N-dWh , ' '"'^^ 
^ and disuccinimidylsuberat! ^^^^/^^^^'^^-^^-^^e (eoml) , 

— an at::;.:: t' 

temperature for 2hrs . ■""^°3S'' at room 

ether and ..^X^;" -shea 

sample „as stirred at T.-c T ^* 
10 atmosphere of nitrogen m . ^ " ""''^'^ 

■-««SD3,.aom3, i»-a.. a^eous J/ °' ^-^"^e 

".e Wtionause. T^ZZlZ^'""'^ ' 
buffer solution and ether. »"=«"ively „ith 

Example 9 _ . 
sulphonic an'H ^•.^ 

Plioaphat. Deposition o„ . 
PoIyetherethere^tTne."''™ ="P'-«'-urfaoe modified 

<«l»l). followed hv ... . ' '^'iomeed 

water 

solution ,5.oml,. a. " »■!« Cacl. 

«^ '-e injection mou' Js::? ^ 
^les ,a and ,h wet^ w I " ''^ ^ ^rom 
»e, specimens Z ^ 
drv With nitroJL T 
-er.1 time, to achieve a desiLTrier " ^^""'^ 
Examp le i n R • 

»^"ed PolyetherethrrLronrVtrr""'' 

•«c wica 4-aminostyrene. 
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An injection moulded specimen of polymer from Example 
7c, 4cm X 1cm x 0.4cm, was placed in a 250ml round- 
bottomed flask fitted with a magnetic follower and a 
nitrogen inlet and outlet and containing dichlorome thane 
5 (50ml) and 4- aminos tyrene {1.19g, O.Olmole). The contents 
were stirred under an atmosphere of nitrogen at 10°C for 
16hrs. The specimen was removed, washed with ether and 
dried in vacuo for lOhrs at AO^C. 

10 Example 11 - Reaction of Styrene- surface modified 

polyetheretherketone of Example 10 with 

hydroxyethylmethacrylate to produce polyetheretherketone 
with a surface coating of PHEMA. 

15 The styrene- surface modified polyetheretherketone of 

Example 10 was placed in a lOOml round-bottomed flask, 
fitted with a magnetic follower, a nitrogen inlet and 
outlet and containing toluene (50ml) and 
hydroxyethylmethacrylate (3.25g) and benzoyl peroxide 

20 (O.OOSg). The mixture was stirred under nitrogen at 80°C 
for 2 hours. The sanple of polyetheretherketone was 
removed washed with fresh toluene, followed. by ethanol and 
water and dried in vacuum at 50*^0 for 24 hours. 

25 Example 12 - Reaction of hydroxyl- surface modified 

polyetheretherketone with diphenylmethane-4 , 4 ' - 

diisocyanate and diol to produce polyetheretherketone 
with a surface coating of polyurethane . 

30 A 100ml roimd-bottomed flask, fitted with a magnetic 

follower, a nitrogen inlet and outlet was provided with 
THF (50ml), polyethylene glycol, PEG 1000 (lOg, 0.01 mol) , 
diphenylmethane 4,4' -diisocyanate (2.53g, 0.0101 mol) and 
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Stannous octanoate (o. Olg) Th^ , 

nitrogen at so^C for 3 , ^'^^ 
polyatheretherketone Of ExamnT.* ' '^^^^'^o^-modif ied 
stirring ..3 contw/rrffUr^^ ''^^^ "^^^ 

.H. an. ... . . — — 

Exampl e 13 ^ lin • • 

- nitrogen i.^,.,^ ' "-^'"^ ^=n=- 

di^ethylactamide (50ml) ™. containing n.n- 

ethyZmo^HoUne „„„ J ^ 

<=°r. ,0.i«,. ""^'valant poly-lysine 

, an. aisUUeTwa::: 

The reader's attention is directed to 
documents which are tiled =„„ " ^P"' «^ 

this specification 1„ °r previous to 

f ciracatxon m connection with = 
«Wch are open to pnhlic ''^'■""tlon ,„<, 

specification, and the ZZl ^ruT.^ 
-cnments are incorporated herein h. reLit 

anc"L" t/lrr""""' " 
-awin,.,. andJor Z^'Z t"""" """" 
P-e.s so disciosed. ma. ^ coj^" in^anrcor" 
«oept combinations where .t i "«*ination, 
-^/- «eps are ^t«n, a^Iw; °' ^'""^ 
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Each feature disclosed in this specification 
(including any accompanying claims, abstract and 
drawings) , may be replaced by alternative features serving 
5 the same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated otherwise, 
each feature disclosed is one example only of a generic 
series of equivalent or similar features. 

10 The invention is not restricted to the details of the 

-foregoing embodiment (s) . The invention extend to any novel 
one, or any novel combination, of the features disclosed 
in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel 

15 combination, of the steps of any method or process so 
disclosed. 
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CLAIMS 



1. A bio- 



■cotnpatible polymeric material fr. 
applications. Wherein said ^.tTria? "^''^^^ 
S having hio-co^atible ».oietieTasT ' ^ ' ^ 

thereof. associated with chain ends 



; 2. A polymeric material 

polymer pCi . ° '° ^' 

" Pieties, and eth„ oTL " °' ^^^'^-e 

ia=w,one. ' """""^ the polj™,. 



15 



A polymeric material according to .1 • 
Wherein said polymer ha« , ' °' ^^^i" 2, 

P lymer has a moiety of formula 



and/or a moiety of formula 






co-fO 



and/ or a 



moiety of formula 



20 




p3fsoXo 




III 



«*.rein .he phe„,x ^ 



and III are 
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linked; and wherein m, r,s,t,v,w and z independently 
represent zero or a positive integer, E and 
independently represent an oxygen or a sulphur atom or a 
direct link, G represents an oxygen or sulphur atom, a 
5 direct link or a -0-Ph-O- moiety where Ph represents a 
phenyl group and Ar is selected from one of the following 
moieties (i)*/ (i)**, (i) to (x) which is bonded via one or 
more of its phenyl moieties to adjacent moieties 



10 
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or a homopolymer having a repeat unit of general 
forniula 




5 or a random or block copolymer of at least two 

different units of IV and/or V 

wherein A, B, C and D independently represent 0 or 1 
and E,E» ,G,Ar,m,r,s,t,v,w and z are as described in claim- 
lb 3; or . 

said polymer is a homopolymer having a repeat unit of 
general . formula 




or a random or block copolymer of at least two different 
20 units of IV* and/or V*, wherein A, B, C, and D 



wo 02/00270 



51 



PCT/GBOl/02758 



independently „pr.=«,t o or 1 and 3. E', a, , 
t, V, „ and . are aa described In cl,l„ 3. ' 



5. A polymeric material aceoT-rt-ir,« 

°3 to any preceding claim 

~ — p^^^-^e.::; 

POlyet.er.etone«her.etoneketone 
polyetheretherketoneketone . 



and 



wherein said polymer co.,pri,es polyetheretherketone . 

7. A polymeric material acoording to any preceding claim 
Wherein Mo-ccmpatlble moieties are associated "i'^^l 
surface o. said blo-co^atlble polymeric ^terlal l 1 
not substantially penetrate tbe bul. of the material 

20 .»letle at the^a o 

bul. thereof arrdi: T '"^ 
"or are different compared to bio-comDatibl. 

pieties associated with ends of chains of said ;^lTlr 
the surface of the blo-con^atlble polymeric material 

" Irer''"''^ " Claim 

herein moieties other than fluorine atoms ,r, asLlatl 
with chain ends of said polymer. associated 

30 ^hsre^rstrbl " 

f P y!^°rsTirb? f"""^ • 

-.cuiar^.e:ht°^::ir /r::::; t ^~ 

weight polymer. exatively hxgh molecular 
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11. A polymeric material according - to any preceding claim, 
wherein said material is represented by the formula 

5 PC-EG'.BM' 

where PC represents a polymer chain comprising repeat 
units; EG' represents an end group; and BM' represents a 
bio-compatible moiety, wherein the bond between PC and EG» 
10 is a covalent bond and the interaction between EG* and BM' 
is either a covalent bond or an ionic interaction. 

12. A method of making a bio-compatible polymeric material 
for use in medical applications, the method including the 

15 step of causing • bio- compatible moieties to become 
associated with ends of a polymer. 

13. A method according to claim 12, which includes the 
step of treating said polymer with a material arranged to 

20 provide bio-compatible moieties for association with chain 
ends of said polymer. 

14. A method according to claim 12 or claim 13, wherein 
said polymer is provided as a solid and bio-compatible 

25 moieties are caused to become associated with a surface of 
said solid. 

15. A method according to any of claims 12 to 14, wherein 
said solid is shaped so as to represent at least a part of 

30 a device for use in medical applications. 



16. A method according to any of claims 12 to 15, the 
method including making a polymer of formula PC-PG in a 
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" - a .... .rr^^r =° - 

= .-PS HC a. the su«ace of the soli, t'o ^H"' 
=™pati..e ^.et.es to he a«ocUt,. theLt, 

.0 to o/o::::rtrro.rr" 

IB. A device according to claim i7 t . 

a prosthetic device or a T " ^^"^ 

- t^^oraril. aseocia J^h Thl"''^" ^"^'^ '° ^ 

''itii a human or animal body. 

»hich re :re„\rr::7prr"^ ° -"-^^^ > 

" part Of a device for Z ^'"^""'^ ^ ^avice or a 

..id .terial co^ri.,?, " T'"' ^PP^-tions wherein 
- =aid Shape ...ZZ ^^^T:!: """"^ ""^^^ 

associate with chain ends rLZlZT'' """" 

»..ch'r:n'irr;rrnt"t 

surface of said polymer. " °' 

" ~r.i:ci:rd:tr:f'^^^^^^^^ — 

^vice for use in e of a 
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